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Scientific Background and Scope of the Project

The man-made sources of tritium contribute to a

comparable level to the natural production of this

radionuclide taking into account that the abnormal peak due to

nuclear bomb tests slowly diminishing. The main part of this

artificial environmental contaminant is being in HT form

therefore follow up the regional and global transport,

conversion and impact of the atmospheric tritium is a relevant

scientific and practical problem.

Experimental Method

A variety of techniques and apparatuses were used such as

experimental set up for measurements low level gas

concentrations; low level liquid scintillation spectrometry;

electrolytic enrichment of tritiated water; trace technique

for investigation of adsorption, conversion and selectivity of

materials tested for the tritium sampler; desorption lines,

freezing out systems.

Result obtained



continuous monitoring of tritium content of the atmospheric

air. The sampler was produced in a small series and purchased

to tritium laboratories taking part in an international

research project aimed at the investigation of tritium in the

environmental air. Experiences gathered already show that the

sampler fulfill requirements set for a reference device.

Conclusions

Differential tritium sampler together with sample

preparation technique mav serve as a solid technical basis to

run national and/or international tritium monitorinq program

in the future.



INTRODUCTION

Tritium is one of the global radioactive contaminants

oriainating both from natural and man-made sources. The most

important artificial sources ar& the nuclear bomb tests, the

nuclear fuel cycle facilities and the industrial use of radio-

nuclides. The production rate of cosmoqonic tritium is con-

stant but the anthropogenic sources are rather variable in

their source-intensity, time variation, way and form of injec-

tion of tritium into the environment.

Tritium exists in the environment mainly in the form of

tritiated water vapour, HTO, tritiated hydrogen qas, HT, and

in less extent as hydrocarbon, mainly in methane form. The

amount of tritium in the environment is decreasing but this

trend may be significantly altered on a local or even regional

scale. The huge amount of tritium handled in fusion test ex-

periments may influence this trend even on global scale.

Besides the evaluation of radiological impact of tritium

released to the environment, data gained by a regular HT, HTO

monitoring may yield information on air mass transport, on

conversion of HT into HTO and other parameters owing impor-

tance in meteorological research, too.

Sampling methods for environmental tritium

Different sampling methods have been developed for low-

level tritium monitoring, but none of them are commercially

available. These methods utilize a variety of principles and

technical performances according to the different requirements

regarding the duration of sampling time, efficient adsorption

of water vapour, efficient run of a catalyst and sensitivity

of tritium measurement.

A generalized block diagram of sampler aimed at differen-

tial sampling of tritium from the environmental air is shown

in Fig.1.
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Figure 1. Generalized block diagram of differential HT/HTO

sampler

In this section a brief description of different solu-

tions along with an acknowledged example is given.

One of the simplest method for water vapour trapping is

to use bubblers filled with tritium-free water or ethylene

glycol (see the Los Alamos National Laboratory's [LANL] samp-

ler , Fig. 2. The number of traps varies from one to three.

The advantages of the method are: simplicity, low memory

effect; disadvantages are: limited collection efficiency, high

dilution of the sample, low sensitivity. Probable frac-

tionation effect and the fact that humid downstream may

decrease the catalytic conversion action.

One of the commonly used water vapour adsorbes is the

si 1ica gel. Silica gel is a cheap, commercially available ma-
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Figure 2. Sketch of LANL field air sampler

terial, with high collection efficiency. There are, however,

some disadvantages: silica gel cannot be predried completely,

memory effect may be significant due to residual water content

of silica gel, and one can experience difficulties with sample

recovery, after which silica gel must be disposed.

A layout of a silica gel-based differential HT/HTO

sampler used at Princeton Plasma Physics Laboratory (PPPL) is

shown in Fig.3.

After exposition, the water must be extracted from silica

gel. The method of vacuum distillation for recovery of HTO and

pre-drying of silica gel was carefully tested in laboratory



experiments at the Institute of Isotopes. It was concluded

that due to high memory effect caused by initial water content

of silica qel and due to the incomplete recovery of tritium

the applicability of silica gel is limited.

Molecular sieve, a synthetic zeolite type adsorber is

used in many HTO samplers. The main advantages of this materi-

als are: high collection efficiency, reusability, low memory

effect, good reproducibi1ity of sampling. Its main disadvan-

taaes are: possible adsorption of gases other than water

vapour and necessity of a desorption line for sample prepara-

tion .
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Figure 3. Differential atmospheric tritium sampler developed

at Princeton Plasma Physics Laboratory



A differential HT/HTO sampler requires catalyst which

converts HT into HTO at h;gh efficiency and with low memory

effect. The commonly used materials are Pd at room temperature

with carrier gas and Pd, Pt or CuO at elevated temperature,

usually at 600°C. AdvantageousLy some kind of carrier should

be used in order to avoid difficulties arising from minute

amount of hydrogen gas in the atmosphere. Without carrier the

efficiency of conversion and recovery is unstable and

unreproducible. The carrier hydrogen gas is usually added from

a H2 cylinder or supplied from an electrolysis cell. In some

cases when catalyst operates at high temperature the product

of its conversion eg. water is supplied to the sampling

system. Deadwater vapour injection at a properly selected

injection rate may replace the rather complicated hydrogen gas

supplying. In cases when tritium in hydrocarbon form is also

to be sampled, catalyst effective at ambient temperature

should be used. The second HTO trap in principle is similar to

the first HTO trap and it is replaced by the catalytic

column itself when Pd impregnated catalyst is used. Such a

svstem, run at Miami University"3 is shown in Fig.4.

The matering-air processing part of the differential

HT/HTO samplers usually contains a pump, a flow-rate indica-

tor, a gas meter, and regulating valves, etc.

Dimensions of a sampling system depends largely on the

available counting technique by which HTO activity is mea-

sured. Some parameters of the most important counting tech-

niques are listed in Table 1.
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Table 1. Approximate sample size and sensitivity of typical

tritium counting techniques

Technique

Proportional counting

Conventional LSC

LSC with pre-enrichment

LSC, low-level model

Sample
size,g

5-10

10

50-250

10

Sensitivity
Bq/1 water

0.1-1

2-5 |

0.2-1 !

0.1-0.5 1

Large-volume LSC 50 0.1-0.2

Design and construction of a differential HT/HTO sampler

to be used as a standardized one by the participants of an
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international research project dealing with environmental

tritium have been done at the Institute of Isotopes, Budapest.

The main requirements to be fulfilled by the sampler can be

summarized, as follows:

i/ it is intended that a post-monitoring system be

introduced

ii/ sampling should be carried out for tritium in elemental

tritium, HT, and tritiated water vapour, HTO, forms

(tritium in methane form could be considered in the

future)

iii/ sampling is planned on a weekly basis

iv/ the local and global tritium contamination in the air

should be followed with a sensitivity of 1 Bq/1 for

tritium in HTO form.

This Final Report summarizes results gained by experi-

ments carried out in 1989. For details not discussed in this

Report, the reader is addressed to Progress Report (1989) hav-

ing the same title and Contract Number. In addition, this Re-

port discusses test results gained by use of a prototype

sampler. Special attention have been paid to reproducioility

and long term stability of the sampler.

A limited number of sampler and desorption unit have been

produced, some of them have been sold to different institu-

tions abroad. The Operational Manual of the units is attached

to this Report, see Annex I. Results obtained in a one-year

run of a sampler operated in Budapest, Hungary is given in

Annex II.

EXPERIMENTS AND RESULTS

Materials and methods

Experiments with different types of molecular sieve have

been conducted in order to study their applicability as

adsorber. Types of 0.5 nm and 0.4 nm (pore diameter of 3 A
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and 4 A, respectively) were supplied by Merck in bead form

with approx. size of 2 mm; Union Carbide type molecular sieves

of 3 A, 4 A, 5 A and 13 X (pore diameters of 3 A, 4 A, 5 A and

10 A, respectively) were supplied by Fluka in 1/8" and 1/16"

pellet forms.

Experimental columns were prepared by placing hundred

grams (dry weight) of molecular sieve in glass envelopes. Un-

less otherwise stated, diameter and length of the bed was 3 cm

and 30 cm, respectively.

Molecular sieve of 0.4 nm type was impregnated with pal-

ladium to prepare a catalyst (PdMS). The method used was a

modified version of method proposed by dstlund and Mason"6, as

follows:

PdCl2 of 3.75 g was dissolved in 42 ml of 1 N HC1, then

was diluted with 76 ml of distilled water. The solution was

cooled to 4°C. 300 g of molecular sieve was vacuum-dried at

500°C then was cooled down to -20°C. The molecular sieve was

then placed in a cold bowl made of stainless steel and the

PdCl2 solution was poured on it with vigorous shaking. The ma-

terial was dried at 300°C and finally vacuum-dried at 500°C.

The procedure described above was repeated with the same

material.

•"cLivation of the catalyst was done at 500°C by drawing

hyfii-ogen gas at flow-rate of 3 1/h. Orifices of the glass

envelop that holded PdMS were connected either to a cold trap

or to the H2 cylinder. The system was evacuated until the

regulating valve of the cylinder. First the water was

extracted at 500°C from PdMS and was collected in the cold

trap. After than, cold trap was ventilated. The next step is

opening the pressure regulating valve when H2 gas was passed

into the closed space at a fixed flow-rate increasing the

pressure in the system. At the moment when the pressure raised

to atmospheric one, valve two was opened in order to let H2 to

leave the system. Activation process was terminated by

evacuating of the system.
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In experiments when HTO with known activity was employed

in order to make memory to be determined, HTO concentration of

extracted water was measured by a Beckman LS 1800 liquid scin-

tillation analyzer. The samples were made of 9 ml of water and

12 ml of Pico-fluor LLT liquid scintillator (Packard). The

background count rate was approx. 15 cpm and the counting ef-

ficiency was 24 per cent. Tritium concentration of envi-

ronmental samples was measured by a Berthold BF 8000 LSC.

Background of 3.5 cpm and efficiency of 18 per cent have been

achieved with samples same as described above. In case of HTO

samoles with volume larger than 50 ml a 4-fold pre-enrichment

have also been utilized.

Experiments with molecular sieves

Adsorption of water vapour was investigated by an experi-

mental set-up, in which the air was drawn through a bubbler,

followed by a molecular sieve bed, and the water vapour con-

centration of the downstream air was measured by a dew-point

detector.

Experiment was stopped when the dew-point increased to

-55°C (limit of efficiency greater than 99.9 per cent). The

water was then desorbed from molecular sieve by vacuum-distil-

lation.The mass of water collected in cold trap is called ca-

paci ty.

Memory effect was studied by a so-called push-out method

prooosed by ostlund and Mason'5. In these measurements tritium

free water was replaced for HTO in the bubbler and was used in

a similar way as in adsorption experiments. After a complete

desorption of HTO, tritium-free water vapour was pass through

molecular sieve bed, while the column was kept at 500°C under

vacuum.

During the push-out procedure the mass of water vapour

was not altered by the adsorption but underwent on a partial

exchange with the memory (residual water content) that



resulted in a HTO concentration of water collected in a

separate cold trap.

Memory was calculated on the basis of mass and activity

concentration of HTO desorbed (C d), and mass and activity con-

centration of water after push-out (Mp and C p ) , respectively.

The memory was expressed as:

Memory = M. Cp / Cd

Results of capacity and memory determinations are given in

Table 2.

Table 2. Capacity and memory of molecular sieves investigated

Flow rate: 60 1/h

Type of MS

Merck 0.3 nm

U.C. 3 A 1/8

U.C. 3 A 1/16'

Merck 0.4 nm

U.C. 5 A 1/8"

U.C. 13 X 1/8"

U.C. 13 X 1/16'

Pore diameter
A

3

3

3

3

4

4

4

5

10

10

10

Capacity
g/100 q MS

19.2

25.6

25.5

18.2

19.3

19.0

20.5

18.2

22.9

21 .9

21.6

Memory
mq/100 q MS

680

NM

75

300

NM

NM

300

220

NM

35

540

U.C.: Union Carbide NM: not measured

The effect of flow-rate and geometry on capacity was in-

vestigated using 0.4 nm type (Merck) molecular sieve. Two

columns of different diameter and length were prepared, each

containing hundred grams of molecular sieve. The diameters

were 3 cm ("standard size") and 5.5 cm ("short column"). The
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results of these measurements are shown in Fig.5. Note that in

this particular experiments air flow was continued until the

capacity of molecular sieve was fully exhausted, therefore a

greater amount of water was collected than in the previous ex-

periments .

Capacity [g/lOOg MS]

200 400 600

Flow rate [1/h]
800 1000

Figure 5. Capacity vs. flow-rate as measured with MS placed in

different geometry, see the text

HT adsorption or conversion on molecular sieve

The rate of conversion and/or adsorption of HT on differ-

ent types of molecular sieve was studied in order to estimate

their selectivity for adsorption of HT and HTO. An experimen-

tal set-up was used for these measurements, in which HT gas

was gained by electrolytic decomposition of tritiated water

and was introduced into the air stream before entering molecu-
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lar sieve bed. A hydrogen aas concentration of 15 ppm was

maintained by setting the flow-rate to 30 1/h and electrolytic

current to ] mA . Evaporation rate of HTO in the electrolytic

cell was reduced by means of an oil layer. HTO content of the

air was further reduced by applying bubblers and a cold trap

that either diluted or freezed out the HTO. Molecular sieve

could, therefore adsorb some HTO evaporated from the last bub-

bler, but the major activity was in HT form. A part of the HT

was retained by molecular sieve and the residue was ultimately

combusted and collected in an addition part of the ex-

perimental set-up. The efficiency of this latter part was near

to 100 per cent (details see later).

After exposition, the tritium adsorbed on molecular sieve

was desorbed at 500°C. During the desorption tritium-free air

was passed through the bed in order to carry tritium away to

subsequent parts of the experimental line.

The tritium desorbed from the column in HTO form was col-

lected in a cold trap, whilst tritium desorbed in HT form was

combustec, and collected on a PdMS catalyst (details see

later), from where it was finally re-desorbed in HTO form in

order to determine its weiaht and activity. The results of the

adsorption-desorption cycles are given in Table 3.

Table 3. Adsorption of HT by molecular sieve

Type of molecular sieve
U.C 3 A 1/8" Merck 0.4 nm U.C. 5 A 1/8'

Throughput

HTO [Bq]

HT [Bq]

Activity desorbed

HTO form [Bq]

HT form [Bq]

10

4130

450

430

130

11650

260

15

40

11670

1300

17

Inferred percentage of
HT adsorbed [%] 21 1 11
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Experiments with the catalyst

A palladium-impregnated molecular sieve catalyst have

been prepared and tested for catalytic action under different

conditions. Since the water, produced by HT - HTO conversion,

was immediately adsorbed on the supporter of the catalyst

(MS), water vapour adsorption and memory were also investi-

gated.

The efficiency of hydrogen combustion was studied by us-

ing a line, demonstrated in Fig.6.

air out

electrolysis
c«H (0.3A)

electrolysis
cell (0.3 A)

rotam«ter

PdMSi.
100 g

PdMS 2

Figure 6. Experimental set-up for testing PdMS for catalytic

action

Two blocks of electrolytic cell-PdMS bed were connected

in series. These cells were operated in such a way that they

produced hydrogen gas at a same rate. The air flow-rate was
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set to 60 1/h. Electrolytic current, was 0.3 A or 1 A, thus re-

sulting 2 %. or 6 %. hydrogen concentration in the system, re-

spectively. In case of perfect combustion, weight gain of the

first and the second PdMS is expected to be identical. The re-

sults of these experiments are summarized in Table 4.

Table 4, Conversion efficiency of PdMS

H2 cone. Weight gain by Weight gain by Efficiency
[%.] PdMS 1 [g] PdMS 2 [g] [%]

8.70 8.60 100

12.20 12.46 99

Experiments with low H2 + HT concentration (15 ppm) were

conducted using the similar line as when the rate of HT

conversion by the molecular sieves themselves was studied.

The air traced with HT was drawn through a PdMS bed, then

through a molecular sieve bed. These experiments yielded data

to estimate the amount of HTO produced by conversion and was

or was not adsorbed on PdMS.

Experimental conditions were as follows:

i./ temperature of PdMS (20°C, 80°C, 500°C)

ii/ the initial moisture content of PdMS (0 or 9.5 g)

iii./ humidity of air exposed to PdMS (dry or humid)

The results are given in Table 5.

Table 5. Influence of operational conditions on efficiency of

PdMS for HT - HTO conversion (at 15 ppm HT cone.)

Temperature, °C

Water content, g/100 g PdMS

Vapour injection, g/m

Efficiency, %

HTO not adsorbed, %

20

0

-

26

NM

20

9.5

-

72

NM

80

0

-

30

NM

80

0

1

35

20

500

0

1

98

>.95

NM: not measured
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Memory of PdMS was also determined applyinq the method

discussed earlier. The memory ivias found to be in the range of

500-1500 mg/100 g PdMS.

The capacity of PdMS for water adsorption was measured,

too. At room temperature the capacity of PdMS was found to be

the same (19.5 g/100 g PdMS) as with MS. The capacity

decreased with the increasing temperature, see Fig.7.

25

20

Total capacity [g/lOOg PdMs]

10

50 100 150 200 250 300

Temperature [°C]

Figure 7. Capacity of PdMS vs. temperature

DISCUSSION

The molecular sieves tested proved to be excellent mate-

rials for water vapour adsorption, their capacity is in the

range of 18-26 g/100 g MS. The capacity of MS seems to depend

on pore diameter, type and supplier. The variation is consid-
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erable even when a material of the same type is supplied as

pellets of different size. For example, capacity of 1/8" and

1/16" pellets of 3 A type MS, supplied by Fluka was found to

be IS g and 26 g/100 g MS, respectively.

The memory of molecular sieves investigated varied

between 20 and 680 mg/100 g MS. A significant rate of adsorp-

tion up to 21 per cent of HT by molecular sieves was found.

The lowest amount (1 per cent) was observed with 0.4 nm type

MS of Merck. This effect has a strong influence in the selec-

tivity of the sampler, therefore it should limit the applica-

tion of several types.

The conversion of HT into HTO using palladium-impregnated

MS is strongly dependent on the operational conditions. Incom-

plete conversion has been found in experiments when low hydro-

gen concentration, 15 ppm, was used. The low efficiency of

conversion was slightly improved when the temperature was in-

creased up to 80°c, and water vapour injection was applied.

High efficiency, approx. 98 per cent, could be achieved main-

taininq conditions as follows:

i/ PdMS kept at room temperature, and carrier H2 gas is

used, see Fig.8.

PdMS kept at temi

vapour is added to the air stream, see Fig.9.

ii/ PdMS kept at temperature of 500°c, and tritium-free water

A prototype of differential sampler according to a layout

shown in Fig.8. was designed and constructed. The following

section is devoted to the experiences gained by this sampler.
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EXPERIMENTAL RUN WITH THE PROTOTYPE
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Table 6. Main features of molecular sieve based HT/HTO

differential sampler

Sampling period
flow-rate

HTO adsorber

mass

HT converter

mass

Carrier gas

concentration

Currant in electrolysis

HTO ADSORPTION

max. capacity

eff iciency

memory

T RECOVERY

HT CONVERSION

temperature

efficiency

SAMPLE RECOVERY

vacuum desorotion

temperature

duration

TECHNICAL DATA

power supply

built-in safety system

to avoid explosion

weight

size

one week

30-80 1/h

MS 4A

400 q

Pd on MS

100 q

H2 from electrolytic cell

1-3 %.

0.2 A

82 q

99 . 9 %

800 mg

99 %

ambient

98+1 %

50 Pa

500°c

3 h

220 V

8 kg

250x400x500 mm

The prototype was operated with a sampling period of one

week. The exposed HTO and HT traps were removed for extraction

and a new set of HTO and HT traps were placed into operation.

The amount of water collected over a week was controlled by

the flow rate and the absolute humidity of the air. The amount
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of HT sample (also as water) was solely controlled by the

electrolytic current. With a current of 0.2 A the sample

amounted to 10-12 g in cases when the conversion efficiency

approached 100 %. There was a week-to-week deviation observed

with the amount of HT fraction, the reason of that was the

difference in sampling time.

After several runs, incomplete catalytic action was sup-

posed, because lower amount of water was extracted from the HT

traps, then was expected from the obtained weight loss of the

electrolytic cell, see Table 7. The regeneration of the PdMS

with hydrogen was soon introduced in the routine procedure

which resulted a better agreement in mass loss of electrolytic

cell and mass of HT fraction, see Table 8.

Table 7. Correlation baetween mass differences of electrolysis

cell and HT trap before and after the regeneration of

PdMS with hydrogen was introduced

I Run HT trap No.l. HT trap No.2.
I No. mass loss mass of mass loss mass of
I of electrolyte HT fraction of electrolyte HT fraction
I 9 Q 9 g

j 8 13.00 10.35 12.64

| 9 12.29 10.55 9.09

j 10 12.15 10.80 12.25

I 11 13.41 7.59 12.41

REGENERATION AFTER EACH RUN

12 12.42 11.80 12.42

13 6.11 5.94 12.35

14 12.47 11.88 14.29

15 10.85 10.71 12.60

16 12.55 12.63 12.47

17 12.81 11.38 12.48

The regeneration of the PdMS was carried out in a similar

way as it used for the activation of the catalyst. After

8 .

7 .

1 0 .

7 .

1 1 .

1 1 .

1 2 .

1 2 .

1 2 .

1 1 .

9 7

7 2

7 2

7 6

9 6

0 3

9 1

2 7

0 8

0 0
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termination of the desorption of water, hydrogen gas was

passed through the trap for 10 minutes. The gas was finally

sucked out and the trap was closed.

Working experiences regarding the long-term stability of

HTO adsorption were obtained in an indirect way. During the

regular use of the sampler a saturation of the HTO trap with

water vapour occurred from time to time. In that cases water

vapour could overshoot or broke through the HTO trap and was

finally adsorbed on HT trap. Several examples for this case

are abstracted in Table 8.

Bellow the limit of adsorption capacity (specified as

high as 82 g) HTO is virtually completely adsorbed. The weight

of HT fraction is approximately 10-12 g due to the elec-

trolytic decomposition of water. Examples for this normal op-

eration cases are Run 13 and Run 25 with HTO 3 trap.

Table 8. Sample sizes of HTO and HT fractions in cases when

water vapour load was bellow or beyond the capacity

of HTO trap

1
Trap No.

i
r
HTO 3

HTO 1

r
HTO 2

Run

12

13

14

16

17

20

25

3

4

16

7

15

Mass of
HTO fraction,g

86.08

80.80

84.51.

85.06

84 .88

85.62

80 .39

86.32

86.84

84.07

85.02

85.09

Mass of
HT fraction,g

18.56

9.93 |

17.14 J
11. 1.0 |

14.87

15.39 |

10.55 1

18.30

20.97 |

19.36 |

17.42

16.56 |



In other cases a breakthrouah of water vapour has de-

finitely happened and resulted in a bigger amount of water ad-

sorbed by HT trap and, increased the HTO fraction to maximum,

the latter being determined by the total capacity of the trap.

Note, that with different HTO traps and at different runs, the

total capacity of the traps laid within a narrow range of

84.07 g...86.84 g.

A one and a half year ooeration of two differential

samplers, one at a locally contaminated site dose to the

Institute of Isotopes, Budapest, Hungary the other sampler at

"clean" site Pestldrinc, Budapest, Hungary, showed the long-

term usability of these devices. The results of HT and HTO

concentrations of the environmental air are given in Appendix

II Figure 1-4.
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Appendix I

INSTRUCTION MANUAL

T2 HT/HTO Sampler

Dl Desorption unit

Institute of Isotopes of the Hungarian Academy of Sciences

H-1525 Budapest, P.O.Box 77. Hungary



WARRANTY

All products manufactured by the Institute of Isotopes of

the Hungarian Academy of Sciences are warranted against

defective parts and workmanship to the original purchaser for a

period of one year from the date of shipment when used in

accordance with the specifications and not subjected to abuse

or physical damage. Defective parts will be replaced, repaired

or readjusted at no charge when the product is returned to the

Institute of Isotopes. Products such as power supply, diaphragm

pump, and rotameter, integrated into the system are covered by

the individual manufacturer *s warranties though the Institute

of Isotopes will assist and coordinate any repairs required.
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I. GENERAL DESCRIPTION

The Institute of Isotopes T2 sampler and Dl desorption

unit provide HT and HTO samples concurrently taken from the

environmental air. The tritium concentration of the samples can

therefore be measured by liquid scintillation or by internal

proportional counting.

The instrument is specifically designed and dimensioned to

meet the requirements of maintenance-free sampling on a weekly

basis. The HT and HTO traps are made of metal in order to

provide maximum service life. The instrument's small flange

type fittings mean that it is easily serviceable.

The sampler and the desorption line operate on 220 V AC

50il0 Hz power. Other inherent design features include:

* HTO adsorption up to 80 g with 99.9 per cent efficiency

* HT conversion and adsorption up to 18 g with 9S±1 p&r cent

efficiency

* Reusability of HT and HTO traps after desorption

* High-temperature desorption resulting in

- high recovery regarding mass and activity of the sample

- low memory, max. 3 per cent

Principle of operation

The air to be processed is drawn through an aerosol

filter, then passed through an HTO trap where its moisture

content is adsorbed. Hydrogen gas is then added to the dry air

stream by electrolytic decomposition of tritium-free water.

Finally, HT together with carrier H2 is converted to water and

immediately adsorbed by the HT trap.

The HTO and HT samples - both are present as water - are

recovered from the traps by vacuum desorption.

The sampler consists of the following seven basic

elements, see Fig.l.



* pump

* aerosol filter

* HTO trap

* electrolytic cell

* HT trap

* stabilized power supply

* rotameter

The desorption unit consists of:

* furnace

* glass accessories.

Aerosol filter

The filter, located in the primary flow path, is of type

FPP 15-1.5 made of perchlorvinyl plastic fibres.

The housing which encases the filter is made of polyamide.

Replacement of the filter can be carried out by loosening the

bayonet lock without disconnecting the PVC hose.

Pump

A small, commercially available diaphragm pump is

provided, see Fig.2. The maximum air-flow capacity is

approximately 140 liter per hour. Arrow in Fig.2 is at a hole

on the pump that enables to split pump outflow. By turning flow

splitter, the air-flow to the system is reduced or increased to

the level adjustable by control valve.

HTO trap

The traps, see Fig.3., are made of type K0 36 stainless

steel. The inlet and outlet tubing of the traps is designed in

such a way as to keep the temperature of the small flange

fittings below 120°C even when the traps are baked at a

temperature of 500°C during desorption. A safety rupture disc



made of 0.02 mm thick aluminium foi i is provided which also

plays a role in ensuring that the onrice is leak-tight.

All traps are individually marked with a serial number.

HTO traps are filled with 400 g of molecular sieve of type 4A.

Figure 1. HT/HTO sampler, X-ray view

1 - membrane pump; 2 - aerosol filter: 3 - HTO molecular sieve

trap; 4 - electrolytic cell; 5 - HT PdMS trap: 6 - stabilized

power supply; 7 - rotameter



Figure 2. Diaphragm pump,

top view

a/ connector

b/ cable

c/ bobbin with iron core

d/ magnet

e/ laminated spring

f./ bell shaped membrane

g/ pump cap

h/ air chamber

i/ base

k/ filter

1/ air outlet

arrow)flow splitter

Dismouting of the pump:

1. unscrew the membrane nut

2. unfasten spring screw

3. take laminated spring off

4. pull membrane down

HT trap

Except for the smaller diameter of the HT traps, all the

other features are identical with those of the HTO traps. HT

traps are filled with 100 g of palladium-dispersed molecular

sieve.

Electrolytic cell

The glass tube of the cell is screwed into a base made of

polyamide, making an air-tight seal with the 0-ring gasket. The

electrodes are made of stainless steel. The metal-plastic

joints (gas outlet and electrodes) are sealed with Loctite No

572 adhesive. The cell should contain a solution prepared by

dissolving 1 g of Na202 i
n distilled, tritium-free water.
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Rotameter

The rotameter is equipped with a needle valve which

provides a means for continuous adjustment of the full scale of

the instrument from 20 to 120 liter per hour. Flow sensors are

also provided which produce visible and electronic output

indication until the flow-rate is correct.

If desired, a unit for metering air volume can be connected to

the rotameter's outlet.

Stabilizedpower supply

The dual power supply consists of two sections:

* Constant current supply provides max. 1 A DC current to the

electrolytic cell.

* The 24 V current to the rotameter is provided by a DC

supply.

The electrolysis circuit is shut off by the rotameter output

whenever the flow-rate is lower or higher than the preselected

rate.

Housing

The housing is made of aluminium. A Plexiglass window is

provided on the front door. A top cover which can be opened is

also provided for the operator's convenience.

Desorption unit

A schematic representation of the unit is shown in Fig.4.

The HTO and HT traps should be baked in a vacuum line in

order to recover samples retained by the molecular sieve.

Desorbed water is collected in a cold trap.

The traps are placed in a furnace that is thermostatically

controlled and operated at 500+20°C. The electric power is 220

V, 500 VA.



Two-way ground-glass valves are connected to the metal

traps through a metal-glass interface. Otherwise, the

connections in the glass system are ball joint clips.

A small glass container is provided in order to hold

tritium-free water used for pushing memory out.

Figure 4. Desorption unit

1 - tritium free water glass container; 2 - 3-way valve; 3

temperature regulated ower; 4 - heat regulator; 5

thermoelement; 6 - dewar flash; 7 - cold finger, 8 - joints

Checking «.

Each instrument is factory calibrated of the rotameter's

flow-rate indication.

The HTO and HT traps are subjected to the following

checks:

* leak check

* tritium check



The HT trap is additionally tested for

* catalytic action

Standard factory calibration is within a tolerance of ±2

per cent.

NOTE: Every HTO and HT column provided is dry and ready for

use.

Safety features and precautions

The instrument is protected against hydrogen concentration

build-up. Should there be any pump defect or any other faulty

condition leading to a drop in the air flow-rate, the

electrolysis of water is stopped automatically.

Every HTO and HT trap is equipped with an aluminium safety

disc which ruptures during desorption if a pressure build-up

occurs under conditions of high evaporation rate and blockage

of the flow-path to the vacuum pump.

II. INSTALLATION

The sampler should be mounted on a bench or on a wall at

chest height in order to facilitate maintenance. The room

temperature should not drop below 0°C because of the aqueous

solution in electrolytic cell.

The desorption unit is a bench-top model. It should be

installed in a laboratory where requirements for a vacuum

supply and cooling agent such as dry ice can be fulfilled.

Flow path of air

A plastic hose (of i.d. 10 mm) should be used in order to

provide a flow path of air from the intake point to the

instrument's inlet.



Electrical connection

The electrical hook-up diagram is shown in Fig.5.

220 V

POWER SWITCH

POWER SUPPLY

24V m a x U

T1T2T3T4T5T6T

ELECTROLYTIC CELL

ROTAMETER

Figure 5. Electrical hook-up diagram
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III. OPERATING INSTRUCTIONS

Introduction and start-up

After installation in the sampler and prior to operation,

the electrolytic cell should be filled with a solution of 1 g

Na202 in 50 ml tritium-free water . The flow controller valve

should be kept fully open (turn anticlock- wise). Power switch

and DC selector of the power supply should be pushed to "on"

position, voltage knob is turned to maximum.

After applying 220 V DC to the system, the air flow-rate

should be adjusted to the desired level, and one of the two

flow-rate sensors should be finely tuned to the same level.

Check that electrolysis has started, then adjust the current to

0.2 A.

Operating mode

In order to select the appropriate flow-rate for which the

highest performance is expected, the following considerations

should be fully understood.

The higher the volume of air sampled the greater the

activity of HT and HTO adsorbed by the traps. The volume of the

air to be processed is, however, limited due to the limited

capacity of the HTO trap for water vapour adsorption. This

limited capacity (80 g) must not be overshot, otherwise HTO

will overflow to the HT trap. An air volume having a total of

50-70 g water vapour seems to be optimal. A good estimate for

air volume containing this amount of water can be inferred from

the joint distribution of temperature and relative humidity. A

set of data representative of Central Europe is condensed in

Annex III. for typical humidity values through different

months. The values in the table hold when metering of the air

flow or volume is carried out at room temperature (20±3°C).

As a rough guide, the selection of a flow-rate during

different seasons is recommended as:
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winter 80 1/h

spring and autumn 60 1/h

summer 40 1/h

The amount of the HT fraction is controlled by the

electrolytic current. A current of 0.2 A yields approximately

11 g of water during a week.

Sampling

Sampling on a weekly basis can be carried out in

accordance with the following instructions:

* remove exposed HTO ^nd HT traps

* connect regenerated HTO and HT traps to the flow-path of the

sampler

* check that there is more than 20 ml of tritium-free solution

in the cell

* check that the power switch of the system and of the power

supply is turned on

* check that the flow-rate is correct and that the flow sensor

is in the correct position

* check that the constant current power is 0.2 A.

Desorption

The recovery of samples from the HTO and HT traps should

be carried out as follows:

* insert the trap into the furnace and make connections as

illustrated in Figure 4.

* evacuate the system

WARNING. Microscopic amounts of air or oxygen can destroy PdMS

at temperatures above 300°C. Keep HT trap under vacuum for at

least half an hour at room temperature, then:

* apply dry ice in order to cool the trap cold

* turn furnace on
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NOTE: The desorption takes at least 3 hours at a temperature

of 4S0°C. The next steps are:

* turn rotary pump off

* ventilate cold trap but not the HTO or HT trap, the latter

may be vented only after having cooled down completely.

The traps are then closed with metal stoppers and stored.

Push-out

The memory of the HTO and HT traps can effectively reduced

by applying the push-out method. After replacing cold trap by a

new one and applying vacuum to the system, tritium-free water

in the small glass container is being drawn through the

molecular sieve and condensed in the cold trap.

NOTE: Air in the container can be passed through HT trap only

when it is at room temperature.

Data sheet

The following data must be recorded:

* Date and time of start and end of sampling

* Air flow-rate

* Weight of HTO and HT traps

- before exposure

- after exposure

- after desorption

* Weight of water (HTO and HT fractions) collected in cold

traps

NOTE: The use of a meter at the outlet of the sampler is

recommended. If such a meter is used, then:

* the meter counter should be recorded before and after

sampling

TOAA
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IV. MAINTENANCE

Routine maintenance is needed with parts of the instrument

having limited service life. It includes:

* change of aerosol filter (twice a year)

* fill-up electrolytic cell (twice a month)

* reactivation of the catalyst (PdMS)

Drop of efficiency of the catalyst can be followed up by

controlling the weight of the HT fraction. Whenever the amount

(in the form of water) is significantly less than

11 g, the PdMS is to be reactivated by flowing pure hydrogen

through the HT trap while keeping at a temperature of 480°C.

The procedure lasts 3 hours. Reactivated HT trap must be pushed

out repeatedly until tritium contamination of the trap is

proved undetectable.
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V. TROUBLESHOOTING

Before engaging in any troubleshooting procedure, be sure

the unit is the source of the problem.

Symptom

Low flow-rate

Possible Cause

Dirty flow path

Pump defect

Incorrect flow
splitting

Leaky trap

Incorrect flow
splitting

Valve fails to
close

Faulty power
supply

Low voltage outout

Small volume of
solution

Rotameter's
command

No sensor output

Electronics
failure

Remedy

High flow-rate

No electrolytic
current

Rotameter fails
to stop electro-
lysis

Clean flow path
Replace aerosol
filter

Replace rubber valve
or membrane (f in
Fig.2)

Adjust flow splitter
of the pump (Fig.l
and arrow in Fig.2)

Make orifice tight

Adjust splitter flow
of the pump (Fig.l and
arrow in Fig.2)

Clean valve

Check output

Turn voltage knob
to maximum

Replace solution in
the cell

Adjust flow-rate gx
position of sensor

Replace sensor for the
other

Check output
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Symptom

Desorption unit

Possible Cause Remedy

Furnace fails
to heat

No control

Leaky system

Faulty regulator

Discontinuous
resistor wire

Faulty regulator

Alu disc ruptured

Leaky valve

Check sensor output

Check resistency of
the wire

Check sensor output

Replace Alu disc

Use grease to glass
valve
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Annex I.

L

Electrical circuit of rotameter
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Key Type

Rl

R2

R3

R4

R5

R6

R9

RIO

Rll

R7

RS

R12

R13

Cl

C2

C3

C4

C5

Dl

Tl

T2

T3

T4

T5

T6

D2

D3

LD1

LD2

Jl

J2

CS

Note:

P7271
P7271

R 510

R 510

R 510

R 510

R 510

R 510

R 510

R 510

R 510

R 510

R 510

C 210

C 210

F0M-T10

F0M-T10

FT-10

ZPD 10

DC 182

DC 182

DC 182

DC 182

DC 182

DC 182

1N-4148

1N-4148

VQ A 13

VQ A 13

EBERLE
040904026001

EBERLE
040904026001

C 2332

relays Jl

Value

1 kohm

1 kohm

100 kohm 0,125 W 5 %

100 kohm 0,125 W 5 %

100 kohm 0,125 W 5 %

100 kohm 0,125 W 5 %

1 kohm 0,125 W 5 %

1 kohm 0,125 W 5 %

1 kohm 0,25 W 5 %

10 kohm 0,125 W 5 %

10 kohm 0,125 W 5 %

1,8 kohm 0,25 W 5 %

1,8 kohm 0,25 W 5 %

1 nF 63 V 5 %

1 nF 63 V 5 %

10 nF 40 V

10 nF 40 V

47 nF 40 V

ZPD 10

DC 182

DC 182

DC 182

DC 182

DC 182

DC 182

IN 4148

IN 4148

VQ A 13 0 5

VQ A 13 0 5

21-34 V A 220 V

21-34 V A 220 V

6,8 nF 400 V

potentiometer 81-E

potentiometer 81-E

resistance

resistance

resistance

resistance

resistance

resistance

resistance

resistance

resistance

resistance

resistance

capacitor

capacitor

capacitor

capacitor

capacitor

Zener diode

tranzistor

tranzistor

tranzistor

tranzistor

tranzistor

tranzistor

diode

diode

LED red

LED yellow

relay

relay

capacitor

and J2 EBERLE may be repla.
410024/12A typ SCHRACK product relay, too.

by the RP



18

Annex II.

Electrical circuit or power supolv
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Electronic components

IC1 - UA 741
IC2 - uA 723
IC3 - uA 7805

Tl - BD 249
T2 - 2N 2904 or BC 303
T3 - 2N 2904 or BC 303
T4 - BD 241

Dl...04 - BY 133
D5...08 - IN 4148
09...012 - BY 133
D13 - VQA 17
D14 - VQA 37
D15, D16 - IN 4148
017 - ZPD 6.2
D18 - BY 133

PI - 1 kohm P812 or KPM 123-A
P2 - 4.7 kohm P812 or KPM 123-A
P3 - 4.7 kohm P7800 or P715
P4 - 150 kohm P7800 or P715
P5 - 150 kohm P7800 or P715
P6 - 4.7 kohm P7800 or P715
P7 - 4.7 kohm P7800 or P715
P8 - 1 kohm P7800 or P715
P9 - 4.7 kohm P7800 or P715

Cl - 4700 uF/63 V Elko
C2 - 470 uF/25 V Elko
C3 - 100 uF/40 V Elko
C4 - 680 nF/63 V C223
C5 - 100 nF/40 V FSM
C6 - 51 pF Stiroflex
Cl - 10 uF/16 V Tantalum or Elko
C8 - 330 pF Stiroflex
C9 - 470 pF Stiroflex
CIO - 22 nF Stiroflex
Cll - 10 uF/16 V Tantalum or Elko
C12 - 470 uF/40 V Elko
C14 - 200 nF/63 V C223
C15 - 200 nF/63 V C223
C16 - 680 nF/63 V C223
C17 - 100 + 2x2.5 nF/250 V
C18 - 100 nF/40 V FSM - test

Kl - Eltra-I. swich
K2 - 2x2 Isostat swich
K3 - 2x2 Isostat swich
K4 - 2x2 Isostat swich
K5 - 2x2 Isostat swich
K6 - 2x2 Isostat swich
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LI - ironcored coil - 18x14, Al 250, 2 mH
L2 - ironcored coil - 18x14, Al 250, 2 mH

Bl - 400 mA/250 V
B2 - 400 mA/250 V
83 - F1.6 A/250 V
B4 - F1.6 A/250 V
B3 - F63 mA/250 V
Rl - 10 ohm R534 0.9 W
R2 - 1.09 ohm wired from manganin
R3 - 1.5 kohm R510 0.25 W
R4 - 120 ohm R510 0.125 W
R5 - 3.3 kohm R510 0.125 W
R6 - 2.4 kohm R510 0.125 W
R7 - 47 ohm R510 0.125 W
R8 - 47 kohm R510 0.125 W
R9 - 470 ohm R510 0.125 W
R10 - 8.2 kohm R510 0.125 W
Rll - 2 kohm R510 0.125 W
R12 - 47 kohm R510 0.125 W
R13 - 4,7 kohm R510 0.125 W
Rid - 470 kohm R510 0.125 W
R15 - 56 kohm R510 0.125 W
R16 - 2.4 kohm R510 0.125 W
R17 - 470 ohm R510 0.125 W
R18 - 470 kohm R510 0.125 W
R19 - 10 kohm R510 0.25 W
R20 - 51 kohm R534 0,9 W
R21 - 2 kohm R510 0.125 W
R22 - 4,7 kohm R510 0.125 W
R23 - 6.2 kohm R510 0.125 W
R24 - 270 ohm R510 0.125 W
R25 - 1 kohm R510 0.125 W
R26 - 8.2 kohm R510 0.125 W
R27 - 1.2 kohm R510 0.125 W
R28 - 3.3 kohm R510 0.125 W
R29 - 8.2 kohm R510 0.125 W



Annex III.

Water vapour content of a unit volume of air over

different months as inferred from eight years' gross average

temperature and vapour pressure values of cities Vienna,

Krakow, Budapest and Zagreb. Source of data: Environmental

Isotope Data Nos. 7 and 8: World Survey of Isotope

Concentration in Precipitation (1976-1979) and (1980-1983),

Technical Reports Series Nos. 226 and 164, International Atomic

Energy Agency, Vienna, 1983 and 1986.

Month

January

February

March

April

May

June

July

August

September

October

November

December

Temperatu re
•C

-1.0

1.6

6. 1

9.1

14.6

18.5

20.0

18.7

15.1

10.2

4.4

0.9

Vapour i
mbar

4.7

5.2

6.8

7.8

11 .3

14.2

15.2

15. 1

13.4

9.9

7.1

5.6

Vapour content

of air ,

3.48
3.85

5.03

5.78

8.37

10.51

11.25

11.18

9.92

7.33

5.26

4.15

These values hold when sampled air is heated to room

temperature (20°C)
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